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STUDIES RELATED TO AMRAP

The U.S. Geological Survey, is required by the Alaskan National Interest
Lands Conservation Act (ANILCA, Public Law 96-487) to survey certain Federal
lands to determine their mineral resource potential. Results from the Alaskan
Mineral Resource Appraisal Program (AMRAP) must be made available to the
public and be submitted to the President and the Congress. This report
presents analytical results of a geochemical survey of the Healy quadrangle,
Alaska.

INTRODUCTION

In 1980, 1981, and 1982 we conducted a reconnaissance geochemical survey
of the Healy quadrangle, Alaska.

The Healy quadrangle which comprises about 6720 Mi2 (17,200 kmz) lies
about 60 mi (90 km) south of Fairbanks, Alaska, and is transversed by the
Alaska range. Access to the vicinity of the study area is provided on the
north and south by the George Parks highway, on the east by the Denali
highway. Access in the Healy quadrangle was provided by helicopter with the
exception of a few sites that were accessible by road vehicle from the George
Parks and Denali highways.

The geology of the Healy quadrangle includes 13 tectonostratigraphic
terranes as outlined and described by Jones and others (1981), each terrane
having distrinctive stratigraphic sequences or rock assemblanges. Cretaceous
and/or Tertiary granitic rocks have intruded rocks of the various terranes;
exposures are chiefly in the eastern and southern three fourths of the
quadrangle. Several major faults transect the quadrangle including the
McKinley and Hines Creek strands of the Denali fault, and the Talkeetna thrust
fault. A geologic map of the Healy quadrangle at 1:250,000 scale is in
preparation by Bela Csejtey, Jr. and others. The Healy quadrangle is included
in a preliminary geologic map of the southeast quadrant of Alaska at
1:1,000,000 (Beikman, 1974). Geology of parts of the Healy quadrangle are
contained in a number of reports. A few selected references are as follows:
Csejtey, Jr. and others (1978); Hawley and Clark (1974); Smith (1981);
Wahrhaftig (1970a, b, c, d).

The average topographic relief in the study area is about 3000 ft
(915 m), with a maximum elevation of 12,540 ft (3825 m).



METHODS OF STUDY
Sample Collection

We collected samples at 1066 sites (plate 1). At nearly all of those
sites, we collected both a stream-sediment sample and a heavy-mineral
concentrate. We analyzed 1064 stream-sediment samples and 1045
panngd-concentrate samples, for a sampling density of about 1 sample site per
6 mi~ for the stream sediment and hegvy-mineral concentrate. The drainage
basins sampled ranged from 3 to 6 mi“.

Stream-sediment samples

Analyses of the stream-sediment samples represent the chemistry of the
rock material eroded from the drainage basin upstream from each sample site.
Such information is useful in identifying those basins which contain
concentrations of elements that may be related to mineral deposits.

The stream-sediment samples consisted of active alluvium collected
primarily from first-order (unbranched) and second-order (below the junction
of two first~order) streams as shown on USGS topographic maps
(scale = 1:63,360).

Where stream sediments were not available due to glacial ice cover in the
drainage basin, a glacial-debris sample was collected. The sample consists of
detrital material that has been mechanically introduced into a moraine from
the bedrock and colluvium. Like the stream sediment, the glacial debris
represents the chemistry of the rock material eroded from the drainage basin

Glacial-debris samples and heavy-mineral concentrates of glacial-debris
samples were collected at the following sites: 143-150, 156-157, 217-233,
488-490, 704-705, and 748-750.

Heavy-mineral-concentrate samples

We panned heavy-mineral-concentrate samples from the same active alluvium
as the stream-sediment samples. Each bulk sample was passed through a 2.0-mm
(10-mesh) screen to remove the coarse material. The sediment passing through
the screen was panned until most of the quartz, feldspar, organic material,
and clay-sized material was removed. The sample was oven dried at 16°C.



Sample Preparation

We sieved the stream-sediment samples at the collection site through a
10-mesh screen and the minus-10-mesh material was retained. The samples were
oven dried and sieved at 80-mesh (.18 mm) using stainless steel sieves. The
portion of the sediment passing through the sieve was saved for analysis.

The heavy-mineral-concentrate samples were preliminarily prepared in the
field by panning the minus-10-mesh fraction of the stream sediment to remove
the bulk of the light minerals. The panned samples were sieved through a
35-mesh (0.42-mm) screen in the laboratory and the minus-35-mesh fraction was
further separated with bromoform (specific gravity 2.86) to remove the
remaining light minerals. The heavy minerals were separated into three
fractions using a large electromagnet (in this case a modified Frantz
Isodynamic Separator). The most magnetic material (largely magnetite) was
discarded. The second fraction (largely ferromagnesian silicates and iron
oxides) was saved for archival storage. The third fraction (the least
magnetic material including nonmagnetic ore minerals, zircon, sphene, etc.)
was divided into two splits using a Jones splitter. One split was hand ground
for spectrographic analysis; the other split was saved for mineralogical
analysis.

The magnetic separates discussed are the same separates that would be
produced by removing the magnetite with a hand magnet and then using a Frantz
Isodynamic Separator set at a slope of 15° and a tilt of 10° with a current of
0.1 ampere to remove the ilmenite, and a current of 0.6 ampere to split the
remainder of the sample into magnetic and nonmagnetic fractions.



Sample Analysis
Spectrographic method

We analyzed the stream-sediment and heavy-mineral-concentrate samples for
31 elements using a semiquantitative, direct-current arc emission
spectrographic method (Grimes and Marranzino, 1968). The elements analyzed
and their lower limits of determination are listed in table 1. Spectrographic
results were obtained by visual comparison of spectra derived from the sample
against spectra obtained from standards made from pure oxides and
carbonates. Standard concentrations are geometrically spaced over any given
order of magnitude of concentration as follows: 100, 50, 20, 10, and so
forth. Samples whose concentrations are estimated to fall between those
values are assigned values of 70, 30, 15, and so forth. The precision of the
analytical method is approximately plus or minus one reporting unit at the 83
percent confidence level and plus or minus two reporting units at the 96
percent confidence level (Motooka and Grimes, 1976). Values determined for
the major elements (iron, magnesium, calcium, and titanium) are given in
weight percent; all others are given in parts per million (micrograms/gram).
Analytical data for samples from the Healy quadrangle are listed in
tables 3 and 4.

The spectrographic analyses were done by D. A. Risoli, J. A. Domenico,
G. W. Day, S. J. Sutley, and E. F. Cooley.



TABLE 1l.--Limits of determination for the spectrographic analysis of
heavy-mineral concentrates, based on a 5-mg sample; and
stream sediments, based on a 10-mg sample

[The spectrographic limits of determination for heavy-mineral-concentrate
samples are two reporting units higher than the limits given below for
rocks and stream sediments]

Elements Lower determination limit  Upper determination limit
Percent
Iron (Fe) 0.05 20
Magnesium (Mg) .02 10
Calcium (Ca) .05 20
Titanium (T1) .002 1

Parts per million

Manganese (Mn) 10 5,000
Silver (Ag) 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 1,000
Cadmium (Cd) 20 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,000
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000
Thorium (Th) 100 2,000




Chemical methods
Other methods of analysis used on samples from the Healy quadrangle are
summar ized in table 2.

Table 2.--Chemical methods used

Sample  Constituent Analytical Determin?tion Analyst Reference
type determined method Timit
micrograms/

gram or ppm

Sediments Au AA .05 R. 0'Leary Thompson and
J. Hoffman others, 1968.
In AA 5 A. Gruzensky MWard and others,
A. Meier 1969,
Sb AA 2 F. Takacs Modification of
D. Hopkins Viets, 1978.
As AA 10 A. Mantei Modification of
W. Martin Viets, 1978.
Cd AA .1 Modification of

Viets, 1978.

The determination limit is dependent upon sample weight. Given limits imply
use of sample weight required by method. Higher Timits of determination
result from using less than required sample weight.



ROCK ANALYSIS STORAGE SYSIEM

Upon completion of all analytical work, the analytical results were
entered into a computer-based file called RASS (Rock Analysis Storage
System). This RASS file contains both descriptive geological information and
analytical data. Any or all of this information may be retrieved and
converted to a standard form (STATPAC) for computerized statistical analysis
or publication (VanTrump and Miesch, 1976).
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